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Abstract. Reference evapotranspiration (ETo) is an important parameter for climatological, hydrological 
and agricultural management. The FAO56 Penman-Monteith (FAO56-PM) model is one of the most 
accurate models. But it needs a detailed climate dataset from weather stations. Therefore, empirical 
reference evapotranspiration models (ETo) that need a reduced set of climate data can become an 
alternative approach. In this study, nine different evapotranspiration models were calibrated for the 1978-
2000 period and validated based on the period between 2001-2017 with respect to standard FAO56-PM 
method based on the real climatic data obtained from Aseer metrological department, Saudi Arabia. The 
ranking of all the evaluated models based on the multi-criteria decision making was done in order to get 
the best alternative to the FAO56-PM Model. The result showed that Mahringer and Trabert models are 
the most appropriate with RMSE values of 2.13 mm/day and 2.47 mm/day, respectively and the value of 
percent error were 77.27% and 89.43%, respectively. Moreover, the values of mean bias error were found 
to be -2.03 mm/day and -2.35 mm/day, respectively. The calibration and validation of different ETo 
equations tend to increase their performance. Thus, the validated evapotranspiration model that used less 
climatic parameters could predict the ETo condition accurately for any region. 
Keywords: water management, agricultural management, climate, ranking, entropy, AHP 
Introduction 
 Having an accurate estimation of crop water requirements is crucial for good planning so 
that water resources can be utilized efficiently (Jin et al., 2018). The most important factors 
for water resource planning and irrigation scheduling is the determination of reference 
evapotranspiration ETo (Jiang et al., 2017; Tie et al., 2018). Therefore, precise estimation of 
ETo is essential for net irrigation water requirement, regional water management, 
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environmental studies and climate change impacts (Wei et al., 2016; Gabri et al., 2019). The 
method of estimating the evapotranspiration is using a lysimeter. It can provide high accuracy 
while measuring the evapotranspiration (Hausler et al., 2018). However, these methods are 
very costly and require much expensive and sophisticated equipment for measurement. As a 
result, the FAO56-PM Model which bears the high correlation with lysimeter measurement is 
used for the estimation of evapotranspiration (Allen et al., 1998). Although FAO56-PM 
method is rigorously used in different part of the world, it still requires various climatic 
parameters as an input to compute the reference evapotranspiration. Hence, based on the 
limited climatic parameters, researchers have developed and estimated numerous ETo 
equations around the world (Djaman et al., 2015, 2016a). Therefore, empirical methods, 
including mass transfer, radiation, temperature and pan evaporation-based methods have been 
developed to estimate the reference crop evapotranspiration using the limited data. Although 
different ETo methods can provide the estimated ETo with relatively good accuracy, they fail 
to adapt to all the climatic conditions. As a result, the performance of these ETo equations 
needs to improve under various weather conditions (Li et al., 2018). During the past few 
years, many studies have been conducted to evaluate various evapotranspiration model but 
very few studies are focusing on the calibration and validation of evapotranspiration model 
(Table 1) with respect to the standard FAO56-PM model. Considerable effort has been 
exerted to evaluate other methods using FAO56-PM as the standard (Hu et al., 2009). 
Trajkovic and Kolakovic (2009) evaluated five evapotranspiration equations under the humid 
conditions and concluded that the Turc equation is suitable to estimate the reference 
evapotranspiration at humid locations, especially when the weather data are limited. 
Calibration and validation of six evapotranspiration model were performed in the Senegal 
river delta and it can be concluded that the preciseness of the result can be enhanced 
substantially as the error was decreased after calibration (Djaman et al., 2016a). Besides that, 
eleven equations to calculate the monthly ETo were calibrated (Zhai et al., 2010). After 
calibration, the differences of the regional suitability disappeared or even reversed. In 
addition, the ETo equations with lysimeter results and found radiation-based method can 
perform much better as compared to the temperature-based model after calibration (Xu et al., 
2013). Pandey and Pandey (2018) performed the calibration and ranking of seven Valiantzas 
reference evapotranspiration equations for the study period of 2006-2016 under the humid 
climate at North India. The result showed that Valiantaz model 7 has the best performance. 
However, the study is lacking the validation of calibrated equation. Djaman et al. (2017a) 
performed the validation of Valiantzas’ reference evapotranspiration equation under humid, 
sub-humid and semiarid conditions in Africa. The analysis showed that the Valiantzas’ ETo 
equation could become an alternative to the FAO56-PM equation without calibration to 
follow the local humid, sub-humid and semiarid climatic conditions. However, the analysis is 
lacking evaluation of different ETo equations. Djaman et al. (2016b) performed the 
evaluation of the FAO56-PM model with limited data and the Valiantzas models for 
estimating evapotranspiration in agro-ecological zones of Burkina Faso, West Africa. The 
result showed that Valiantzas 2 equation with full climatic data has resulted in good ETo 
estimates relative to the FAO56-PM. However, the calibration and validation are not 
incorporated in the study. Djaman et al. (2016a) performed the calibration and validation of 
six ETo model in Senegal river basin, West Africa and concluded that the Valiantzas 2 
equation was the best model for the Senegal river delta. However, the ranking operation is not 
performed in the equation. Albelewi et al. (2015) assessed six evapotranspiration models in 
the hyper-arid environment in Saudi Arabia. The study concluded that FAO56-PM is the 
most accurate ETo model to estimate crop water irrigation needs in hyper-arid environments. 
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However, the validation of the model is not incorporated in the study. Djaman et al. (2015) 
evaluated sixteen reference evapotranspiration methods under the sahelian conditions in the 
Senegal river valley. The study showed that Valiantaz is the most promising model that can 
be used as an alternative to the FAO56-PM model. However, the ranking of the equation is 
lacking in this study. Pandey et al. (2016) evaluated eighteen reference evapotranspiration 
methods for the northeastern region of India. The findings revealed that Irmak3 and Turc 
models performed equally well and are the best among the selected models for the majority of 
stations. However, the validation of the calibrated equation is not performed in the study. 
Cadro et al. (2017) performed the validation and calibration of eleven reference 
evapotranspiration alternative methods under the climate conditions of Bosnia and 
Herzegovina and concluded that Trajkovic method is the best model. Djaman et al. (2017b) 
evaluated eleven reference evapotranspiration models in semiarid conditions and concluded 
that the Abtew equation showed the best performance among the selected ETo equations but 
the validation and ranking are lacking in the analysis. Bogawski and Bednorz (2014) made 
comparison and validation of selected evapotranspiration models for conditions in Poland 
(Central Europe). This approach could substantially decrease the errors produced by the 
recommended non-calibrated equations. However, there is no ranking procedure involved in 
the analysis. Lang et al. (2017) make a comparative study of evapotranspiration estimation by 
eight methods with FAO56-PM method in Southwestern China. The result showed that the 
radiation-based methods performed better than temperature-based methods among the 
selected methods in the study area. Among the radiation-based methods, Makking performed 
the best while Hargreaves and Samani showed the best performance among the temperature-
based methods. However, the calibration and ranking are lacking in the study. 
 The past studies were basically assessed different ETo models against the FAO56-PM 
model based on the Central and Eastern region and few in southern region of Saudi Arabia 
(Salih and Sendil, 1984; Saeed, 1986; Mustafa et al., 1989; Al-Omran and Shalaby, 1992; 
Abo-Ghobar and Mohammad, 1995; Elnesr et al., 2010; Islam et al., 2019a,b). However, in 
high mountain environments, such as the Abha Asir region, Saudi Arabia, meteorological 
monitoring is limited and high-quality data are scarce. Moreover, measurements of relative 
humidity by electronic sensors are commonly plagued by hysteresis, nonlinearity and 
calibration errors (Allen, 1996). There is no significant work related to the calibration and 
validation of different evapotranspiration model with respect to standard FAO56-PM in Abha 
city of Asia region. Based on an extensive literature review, it can be concluded that there are 
no comprehensive studies being conducted to evaluate the performance of empirical models 
in the semi-arid region, Abha Aseer, Kingdom of Saudi Arabia on the basis of calibration 
validation and ranking, especially on a monthly timescale. To fill in this research gap, in this 
study, an effort was made to estimate the evapotranspiration from a different model based on 
the availability of meteorological data for the period 1978-2017 and ranking has been done 
using multi-criteria decision making method. This can aid in recognizing the suitable method 
that can be used as an alternative equation to standard FAO56-PM method. The finding of the 
research work is helpful in reducing the error during the evapotranspiration computation. 
Moreover, the best-evaluated model equation the for evapotranspiration could assist in 
computing the evapotranspiration in future in the field of water management system, climate 
change studies, irrigation and water resource planning. 
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Table 1. Summarization of the previous studies 
Sno Methods/Region Performance indicator Remarks Reference 
1 
Valiantaz Equation (1 to 7) 
(Humid-subtropical, 
Northern India) 
R2 (Coefficient of 
determination), D (Index of 
agreement), MAE (Mean 
absolute error), MBE (Mean bias 
error), Weighted root mean 
square error (WRMSE) 
Valiantaz 2 can be Recommended 
for daily ETo estimation under 
conditions of missing data in 
northeast India. With R2 (0.95), D 
(0.988), MAE (0.151), MBE 
(-0.026), WRMSE (0.206) 
(Pandey and 
Pandey, 
2018) 
2 
12 alternative ETo model 
(Bosnia and Herzegovina 
region) 
Mean bias error (MBE), 
Root mean square difference 
(RMSD), Mean Absolute error 
(MAE), Coefficient of 
determination (R2) 
Trajkovic method best model 
RMSD (from 0.157 to 
0.243 mm/day), MAE (0.121 to 
0.173 mm/day), MBE (0.266 to 
0.080) R2 (0.952 to 0.980) 
(Cadro et al., 
2017) 
3 
Valiantzas equation using 61 
weather stations across 10 
African countries (humid, 
sub-humid and semiarid 
conditions in Africa) 
Root mean squared error 
(RMSE), Percent error (PE), 
Mean bias error (MBE), and 
Mean absolute error (MAE) 
The Valiantzas’ ETo equation 
could be an alternative to the 
Penman-Monteith equation 
without calibration, RMSE values 
that varied from 0.03 to 
0.27 mm/day, percent error PE 
from 0.87 to 5.46%, MBE from 
-0.09 to 0.23 mm/day and MAE 
from 0.03 to 0.23 mm/day 
(Djaman et 
al., 2017a) 
4 
Jensen and Haise, Hansen 
method, Abtew Christiansen, 
Droogers and Allen, 
Hargreaves and Allen Irmak 
method, Tabari 1 and 2 
(Semi Arid region, Mali 
West Africa) 
Root mean squared error 
(RMSE), relative error (RE), 
mean bias error 
(MBE), and the absolute mean 
error (AME) 
The Abtew ETo equation is best 
one, RMSE varying from 0.20 to 
0.58 mm/day and average RE, 
MBE and MAE of 6.7%, 
−0.25 mm/day and 0.30 mm/day. 
(Djaman et 
al., 2017b) 
5 
Makkink (Mak), Abtew 
(Abt), and Priestley–Taylor 
(PT), Hargreaves–Samani 
(HS), Thornthwaite (Tho), 
Hamon (Ham), Linacre (Lin), 
and Blaney–Criddle (BC) 
(Southwestern China) 
Nash–Sutcliffe efficiency, 
(NSE), relative error (Re), 
normalized root mean squared 
error (NRMSE) and linear 
regression 
NSE (0.34-0.86), Re (-0.10 to 
−0.13), NRMSE (0.12-0.14), R2 
(0.96-0.98) 
Radiation-based Makkink 
methods shows better 
performance 
(Lang et al., 
2017) 
6 
Trabert, Mahringer, 
Penman1948, Albrecht, 
Valiantzas1 and Valiantzas2 
(Senegal River Basin, West 
Africa) 
Root mean squared error 
(RMSE), Mean bias error 
(MBE), Percentage Error (PE) 
Valiantzas2 equation was the 
best-performing model for the 
Senegal River-Delta and had the 
lowest root mean squared 
difference (RMSE) of 
0.45 mm/day, MBE of -
0.05 mm/day and the lowest 
percent error of estimate (PE) 
about 7.1%. 
(Djaman et 
al., 2016a) 
7 
Valiantaz 1 and 2 equation 
(Agro-ecological zones of 
Burkina Faso, West Africa) 
Root mean squared error 
(RMSE), Mean bias error (MBE) 
ETo-Val 1 method, RMSE varied 
from 0.43 to 0.57 mm/day and the 
MBE varied from −0.05 to 
0.04 mm/day whereas the ETo-
Val-2 method had the RMSE 
ranging from 0.59 to 2.11 mm/day 
and the MBE ranging from 0.26 
to 1.90 mm/day. (The Valiantzas 
2 equation with full climatic data 
resulted in good ETo estimates) 
(Djaman et 
al., 2016b) 
8 
12 Radiation based,6 
temperature based (Humid 
Region,North India) 
Index of agreement (d), Mean 
absolute error (MAE),Standard 
Error of estimates (SEE), 
Weighted root mean square 
difference RMSD (WRMSD) 
Radiation-based equations of 
IRMAK3, TURC, 1957MAKK, 
and MODTURC had superior and 
consistent performance d(0.88-
0.96), MAE(0.15-0.28 mm/day), 
SEE (0.13-0.38 mm/day), 
WRMSD (0.23-0.35 mm/day) 
(Pandey et 
al., 2016) 
9 
FAO-56 Penman–Monteith, 
Priestly Taylor, Hargreaves–
Samani, Makkink (MK), 
Turc (hyper-arid 
condition,Saudi Arabia) 
Coefficient of determination 
(R2), Coefficient of efficiency 
(E), Modified coefficient of 
efficiency (E1), Root mean 
square error (RMSE), 
Coefficient of residual mass 
(CRM) 
R2 (0.64-0.97), E(0.73-0.95), E1 
(0.47-0.78), RMSE (0.33-0.77), 
CRM (-0.02-0.13) FAO-56 PM is 
the most accurate , ETo model. 
(Alblewi et 
al., 2015) 
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Sno Methods/Region Performance indicator Remarks Reference 
10 
Hargreaves and Samani , 
Trajkovic, Ravazzani et al, 
Modified Hargreaves, 
Schendel, Trabert, Penman 
(1948,1963), Romanenko, 
Romanenko’s modified 
equation, Mahringer, Turc, 
Makkink, Makkink modified, 
Valiantzas 1 method, 
Valiantzas 2 method 
(Senegal River Valley) 
Root mean squared error 
(RMSE), Mean absolute error 
(MAE), Percentage error (PE) 
and Mean ratio (MR) 
Valiantaz 2 most promising model 
with RMSE (0.79 mm/day), MAE 
(0.63 mm/day) PE (2.47%),MR(1) 
(Djaman et 
al., 2015) 
 
 
Material and Methods 
Site Description 
The research work deals with Abha mountainous region of Aseer province, Kingdom 
of Saudi Arabia having an area of 370 km2 located between the latitude of 
18°10′12.39″N and 18°23′33.05″N and longitude of 42°21′41.58″E and 42°39′36.09″E 
as shown in Fig. 1. 
 
Figure 1. Location map of Abha Asir region, Kingdom of Saudi Arabia 
 
 
The zone is prone to heavy rainfall as compared to other parts of Saudi Arabia. The 
elevation varies from 1951 to 2991 m (msl) with average precipitation of 355 mm 
which mainly occurs between June and October. According to the topographical 
features of the investigation region, it is found to have weak geology because of the 
precipitation and slope nature during the past few years. It was observed that this area is 
facing problem-related to the soil disintegration which influences the efficiency of 
agriculture, especially water characteristics of catchment zones. 
Data Availibility 
In this research work, primary (raw) weather parameters were collected from Abha 
meteorological weather station for the period between 1978–2017 (40 years) which 
includes wind velocity, maximum and minimum temperature, mean temperature, mean 
relative humidity and solar radiation as well. The data collected were checked by Allen 
(1996). The weather data are shown in Table 2. 
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Table 2. Characteristics of Abha weather parameters during the study period 
 U2(m/s) Tmax(°C) Tmin(°C) Tmean(°C) 
RH 
mean% 
SR 
(MJm-2d-1) 
Vapour Pressure 
Deficit (kPa) 
Min 0.75 20.3 -0.4 11.9 14 16.8 0.2 
Max 5.23 35.1 21.4 25.1 88 25.5 2.9 
Mean 2.36 28.5 9.2 18.7 54.7 21.9 1.2 
ST-Dev 0.64 3.7 4.4 3.73 12.9 2.5 0.5 
 
 
Methodology 
Various ETo estimation techniques taking into account distinctive data prerequisites 
are available in the literature. In this research work ETo were estimated by nine 
reference evapotranspiration model based on available climatic data. Among nine model 
four model were mass transfer based i.e., Trabert (1896), Mahringer (1970), Penman 
(1948), Albrecht (1950). Four model were radiation based i.e., Priestley and Taylor 
(1972), Turc (1961), Makkink modified (1967), Makkink (1957) and one combination 
based Valiantzas (2013) model. Moreover, the reference ETo values were estimated 
using standardized FAO56-PM. The values estimated from different equations were 
compared with the reference value obtained from FAO56-PM for the period between 
1978-2017. Further all nine equations were calibrated for the period between 1978-2000 
then validation of calibrated equation for the period between 2001-2017 with respect to 
FAO56-PM model. The performance of equations was evaluated by utilizing several 
statistical measures such as root mean square value, mean bias error, standard error of 
estimates, percentage error respectively and finally based on evaluation criteria the 
ranking was done in order to get most promising model which can be used alternative to 
FAO56-PM model. The flowchart as shown in Fig. 2 described the stepwise procedure 
to compute most promising model among nine model to be used as alternate of 
FAO56-PM model. 
 
Figure 2. Flowchart showing stepwise computation of ETo 
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Reference Evapotranspiration (ETo) Model 
This study work aims to analyze trends of the monthly ETo calculated by the 
Standard FAO56-PM model (Eq. 1) in the Abha Asir region, Kingdom of Saudi Arabia. 
However, the use of the FAO56-PM is limited by the insufficiency of climatic input 
parameters, and the alternative is to employ simple empirical models. The following 
mass transfer combination and temperature based alternative methods (Eq. 2-11) for 
estimating ETo have been chosen for this study. The selection of methods was based on 
their wide acceptance, simple calculation procedure and applicability in present 
conditions. 
FAO Penman -Monteith (Allen et al., 1998) 
 
 
 
(Eq.1) 
 
Trabert (1896) 
 
  (Eq.2) 
 
Mahringer (1970) 
 
  (Eq.3) 
 
Penman (1948) 
 
  (Eq.4) 
 
Albrecht (1950) 
 
  (Eq.5) 
 
Priestley and Taylor (1972) 
 
  (Eq.6) 
 
Turc (1961) 
 
 
   
(Eq.7) 
 
 
   
(Eq.8) 
 
Makkink (1967) modified Hansen (1984) 
 
 
 
(Eq.9) 
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Makkink (1957) 
 
 
 
(Eq.10) 
 
Valiantaz (2013) 
( -
)0.5 -0.0696 
( - )-0.024  
( - )0.5 
+0.0984 ( -
)2-(RH/100)) 
 (Eq.11) 
 
where ETo = reference evapotranspiration (mm day−1); Rn = net radiation at the crop 
surface (MJm−2 day−1); G = soil heat flux density (MJm−2 day−1)) that is taken as zero 
for daily ETo estimation; u2= wind speed at 2 m height (m s
−1); es = saturation vapor 
pressure (kPa); ea = actual vapor pressure (kPa); T = temperature at 2 m height (°C); 
(es-ea) = vapor pressure deficit (kPa); Δ =slope of vapor pressure curve (kPa °C−1); and 
γ = psychrometric constant (kPa °C−1); Tmax = Maximum Temperature (°C); 
Tmin = Minimum Temperature (°C); Tmean = Mean Temperature (°C); RHmean = Mean 
Relative Humidity (%); RHmax = Maximum Relative Humidity (%); RHmin = Minimum 
Relative Humidity (%). 
Model Validation 
For the validation of FAO56-PM ETo model, the estimated result of FAO56-PM 
were compared with value measured from Davis Vantage Pro2 weather stations 
installed in Abha region. The instrument provides real-time data for weather conditions. 
It uses air temperature, relative humidity, average wind speed, and solar radiation data 
to estimate ETo, which is calculated once an hour. Validation of FAO56-PM with 
measured value as represented by Fig. 3. After evaluating FAO56-PM with measure 
ETo the RMSE and MBE value found to be 0.144 and 0.011 mm while coefficient of 
determination found to be 0.987 with slope and intercept of 1.013 and -0.032, 
respectively. 
Calibration and Validation of ETO Equations 
The linear regression model was employed to calibrate and validate the empirical 
models against the FAO56-PM model (Allen et al., 1998). The specific expression is as 
shown in Eq. 12. 
 
  (Eq.12) 
 
where ETFAO56-PM and ETEMP represent the daily reference evapotranspiration estimated 
by the FAO56-PM model and the nine empirical models respectively whereby and a and 
b are calibrated empirical coefficients. In this research work, the climatic data from 
1978-2000 were used for the development of the calibrated equations and data from 
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2000-2017 were applied for validation purpose. This partitioning is important as more 
data is required for the models’ training. 
The main objective of calibrating ETo was to make the slope equally inclined to both 
x and y axis and intercept reaching zero. For this purpose, a linear regression was done 
in between Standard PM-ETo and values were obtained through the nine ETo equations. 
To accomplish this, calibration coefficients need to be determined which can be 
obtained by applying product operation to the slope of a regression line between the 
FAO56-PM-ETo and ETo equation by inversing the slope. This will get a new slope so 
that the new equation will be closer to unity. Moreover, opposite sign value of the 
intercept was added to get a new intercept close to zero for new regression equation. 
The calibration and validation of ETo estimates were performed as suggested by (Xu et 
al., 2013). 
 
Figure 3. Validation of Standard FAO56-PM ETo with Measured ETo 
 
 
Comparison of the Performance of Different ETo Methods 
The comparative study was performed for the FAO56-PM model and the rest of the 
local nine ETo equations by making use of the scatter plot. The linear regression line 
was plotted to get the the coefficient of determination. The high value of coefficient 
shows the best sign of goodness of fit for the observations (Djaman et al., 2016a). 
Moreover, the performance indicator such as root mean squared error (RMSE) (Eq. 13), 
mean bias error (MBE) (Eq. 14), percent error of estimate (PE) (Eq. 15), the standard 
error of estimate (SEE) (Eq. 16), Correlation Coefficient (R2) (Eq. 17) were used to 
compare the nine ETo models. A comprehensive statistical analysis was used to analyze 
the model results against the observed data. Moreover, it can also be employed to test 
the agronomical models. The significance of root mean square error is that it is an 
absolute measure of the overall error in the estimates relative to the observed values 
which are expressed in the same units and scale as the data itself. It can take any 
positive value with zero indicating a perfect lack of error. 
Root Mean Square Error 
 
 
 
(Eq.13) 
 
Similarly, the mean bias error (MBE) measures the extent to which the estimated 
value deviates from the observed value. It can take any value with negative values 
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indicating the systematic under-estimation and positive values, over-estimation and zero 
indicating a perfect lack of bias. 
Mean Bias Error 
 
 
 
(Eq.14) 
 
 
 
(Eq.15) 
 
The SEE was computed following the equation as shown below: 
 
 
 
(Eq.16) 
 
Correlation Coefficient 
 
 
 
(Eq.17) 
 
where,  = Reference evapotranspiration by ith model;  = 
Reference evapotranspiration by Standard model 1; SD = Standard Deviation. 
Ranking 
Many researchers employ multi-criteria decision making (MCDM) methods to cope 
with water-related problems in their studies (Makropoulos et al., 2008) such as river 
basin planning (Qin et al., 2008), water supply reservoir (e.g. Srdjevic et al., 2004), 
urban water management (Zarghami et al., 2008), groundwater management (Pietersen, 
2006), wetland management (Janssen et al., 2005), and irrigation planning (Gupta et al., 
2000). Senent-Aparicio et al. (2017) uses SWAT and Fuzzy TOPSIS to assess the 
Impactof Climate Change in Segura River Basin (SE Spain). The present study deals 
MCDM technique (Entropy for weightage and TOPSIS for performance) for ranking 
ETo models (alternatives) using statistical indices (criterias), coefficient of 
determination, standard error of estimate, mean bias error, root mean square error and 
percent error. The value of SEE, RMSE, MBE and PE is indirectly proportional to the 
rank called as non-beneficial criteria. Moreover, R2 value is directly proportional to the 
rank called as beneficial criteria. The performance value (greater the value better will be 
the model) of different ETo models will decide the promising model in Abha region 
which is one of the novelty in this research work. 
Entropy Method 
Objective Weight 
The objective weight is determined by Entropy method by making use of probability 
theory (Vinogradova et al., 2018). 
The decision matrix A with m alternatives and n criteria is shown by Eq. 18. 
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(Eq.18) 
 
where xij (i = 1, 2, . . . , m; j = 1, 2, . . . , n) shows the performance value of the i
th 
alternative to the jth criteria. 
The normalized decision matrix is calculated using Eq. 19. 
 
 
 
(Eq.19) 
 
The entropy Ej  of the jth criteria is computed by Eq. 20. 
 
  (Eq.20) 
 
A constant that ensures  in the  
where m presents the number of choices. 
The degree of divergence (dj) computed by Eq. 21. 
 
  (Eq.21) 
 
The jth criteria entropy weight is computed by Eq. 22. 
 
 
 
(Eq.22) 
 
Topsis Method 
The TOPSIS method (Alamanos et al., 2018) is expressed in a succession of six steps 
as follows: 
Step 1: The normalized value of matrix as in Equation 18 is calculated by Eq. 23. 
 
 
 
(Eq.23) 
 
where i = 1, 2, ..., m and j = 1, 2, ..., n. 
Step 2: The weighted normalized value is computed by multiplying the normalized 
value by weightage of criterios obtained by Eq. 22. 
Step 3: Determine the ideal best value (VJ
+) and ideal negative value (VJ
-) from 
weightage normalized value. 
Step 4: The Euclidean distance of each alternative from the ideal best solution (Eq. 
24) and the ideal worst solution (Eq. 25), respectively, are as follows: 
 
 
 
(Eq.24) 
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(Eq.25) 
 
Step 5: The performance score is computed by Eq. 26. 
 
 
 
(Eq.26) 
 
Step 6: Rank the alternatives (greater the Pi value better will be rank). 
Results 
Evaluation of Reference Evapotranspiration Equations for the 1978–2017 Period 
The comparative study of all reference evapotranspiration equation with Standard 
Penman-Monteith equation is shown in Fig. 4a-i. The plot clearly stated that the 
Evapotranspiration value from all the nine equations has a high correlation with the 
PM-ETo with the coefficient of determination R2 range from 0.54 to 0.96. The highest 
correlation was shown by Albrecht model while the lowest correlation was Makkink 
method. The best fit of a model is measured by the linear regression line slope close to 
unity and the intercept to zero. The variation of slope and intercept of the Trabert model 
were found to be 0.114 and -0.053, respectively and the value of the coefficient of 
determination was 0.944 (Fig. 4a). Similarly, slope and intercept of the Mahringer 
model (Fig. 4b) were found to be 0.261 and -0.12, respectively and the value of the 
coefficient of determination was 0.944. Moreover, slope and intercept of the Penman 
model (Fig. 4c) were found to be 0.421 and -0.81, respectively and the value of the 
coefficient of determination was 0.941. Meanwhile, slope and intercept of the Albrecht 
model (Fig. 4d) were found to be 0.473 and -0.225 and the value of the coefficient of 
determination was 0.963. The slope and intercept of the Priestly Taylor model (Fig. 4e) 
were found to be 1.126 and 1.039, respectively and the value of the coefficient of 
determination was 0.733. From Fig. 4f, it can be seen that the slope and intercept of the 
Turc model were found to be 0.287 and 0.981, respectively and the value of the 
coefficient of determination was 0.659. In Fig. 4g, the slope and intercept of the 
Makkink Modified Hansen model were found to be 0.63 and 2.958, respectively and the 
value of the coefficient of determination was 0.54. The slope and intercept of the 
Makkink (1957) model (Fig. 4h) were found to be 0.549 and 2.459, respectively and the 
value of the coefficient of determination was 0.54. Similarly, the slope and intercept of 
the Valiantaz model (Fig. 4i) were found to be 0.457 and 0.511 and the value of the 
coefficient of determination was 0.673. The slope that was closer to one was observed 
in Priestly Taylor method. On the other hand, the intercept that was closer to zero was 
shown by Trabert model. The regression equation for evaluation, calibration and 
validation are shown in Table 3) The accuracy of the result was performed using 
evaluation criteria like RMSE, SEE, MBE and PE values as shown in Table 4. 
Statistical analysis showed that all the selected equations underestimated ETo. The 
RMSE values were ranging from 0.98 to 2.36 mm/day with the minimum error shown 
by Valiantaz model and maximum error shown by Trabert model. The MBE values 
were ranging from 0.78 to 2.24 mm/day with the minimum error shown by Turc model. 
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The SEE values were ranging from 0.023 to 0.571 with the minimum error shown by 
Trabert and the maximum error shown by the Priestly Taylor method. The PE% were 
ranging from 90.70 to 33.53 with minimum error shown by the Valiantaz model. 
 
  
  
  
  
 
 
Figure 4. Relationship between the daily ETo estimates of each method versus the FAO56-PM 
at Abha for the 1978–2017 period 
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Table 3. Regression equation for Evaluation, Calibration and validation 
SN Method Evaluation Calibration Validation 
1 Trabert y=0.114x-0.0528 y=1.0149x-0.0326 y=0.1108x-0.0136 
2 Mahringer y=0.2607x-0.1203 y=1.0105x-0.0355 y=0.2539x-0.0699 
3 Penman y=0.412x-0.1813 y=1.0114x-0.0332 y=0.4012x-0.127 
4 Albrecht y=0.473x-0.225 y=1.0132x-0.0314 y=0.4599x-0.0.1726 
5 Priestly-Taylor y=1.1258x+1.0394 y=1.0588x-0.0894 y=1.0189x+1.1118 
6 Turc y=0.2869x+0.9811 y=1.0587x-0.0803 y=0.2609x+1.0072 
7 Makkink (Hansen) y=0.63x+2.9573 y=1.0963x-0.1422 y=0.5373x+2.8613 
8 Makkink(1957) y=0.549x+2.4574 y=1.0963x-0.1409 y=0.4681x+2.4252 
9 Valiantaz y=0.4575x+0.5107 y=1.048x+0.1694 y=0.4012x+0.7759 
 
 
Table 4. Evaluation of criteria parameters for ET estimate between 1978-2017 
 R2 SEE RMSE MBE PE 
Trabert-ET0(mm) 0.94 0.023 2.36 2.24 90.70 
Mahringer-ET0(mm) 0.94 0.053 2.04 1.94 78.81 
Penman-ET0(mm) 0.94 0.086 1.71 1.63 66.15 
Albrecht-ET0(mm) 0.96 0.078 1.59 1.52 61.82 
Priestly Taylor-ET0(mm) 0.73 0.571 1.47 1.35 54.75 
Turc -ET0(mm) 0.66 0.174 1.00 0.78 31.50 
Makkink-Modified Hansen ET0(mm) 0.54 0.489 2.13 2.05 83.00 
Makkink 1957 ET0(mm) 0.54 0.426 1.46 2.17 54.60 
Valiantaz ET0 (mm) 0.67 0.268 0.98 0.83 33.53 
 
 
Calibration of the Reference Evapotranspiration Equations between 1978-2000 
The main objective of the model calibration is to improve the performance of all 
equations. The computed result from the year 1978 to 2000 was used to calibrate the 
evapotranspiration equation. Based on the calibration procedure as shown in Fig. 5a-i, it 
can be observed that the coefficient for determination improved substantially with 
values of R2 ranges from 0.61 to 0.99 whereby high correlation was shown by Albrecht 
model and lower value by Makkink method. The slope and intercept of the Trabert 
model were found to be 1.015 and -0.033, respectively and the value of the coefficient 
of determination was 0.963 (Fig. 5a). Similarly, the slope and intercept of the 
Mahringer model (Fig. 5b) were found to be 1.01 and -0.036, respectively and the value 
of the coefficient of determination was 0.963. In Fig. 5c, the slope and intercept of the 
Penman model were found to be 1.011 and -0.033, respectively and the value of the 
coefficient of determination was 0.961. The slope and intercept of the Albrecht model 
(Fig. 5d) were found to be 1.013 and -0.031, respectively and the value of the 
coefficient of determination was 0.985. In Fig. 5e the slope and intercept of the Priestly 
Taylor model were found to be 1.059 and -0.089, respectively and the value of the 
coefficient of determination was 0.77. Similarly, in Fig. 5f, the slope and intercept of 
the Turc model were found to be 1.059 and -0.08, respectively and the value of the 
coefficient of determination was 0.66. The slope and intercept of the Makkink Modified 
Hansen model (Fig. 5g) were found to be 1.096 and -0.142, respectively and the value 
of the coefficient of determination was 0.609. In Fig. 5h the slope and intercept of the 
Makkink (1957) model were found to be 1.096 and -0.169, respectively and the value of 
the coefficient of determination was 0.609. Similarly, in Fig. 5i the slope and intercept 
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of the Valiantaz were found to be 1.048 and -0.169, respectively and the value of the 
coefficient of determination was 0.681. The slope that was closer to one was observed 
in Mahringer model while the intercept that was closer to zero was shown by Albrecht 
model. 
 
  
  
  
  
 
 
Figure 5. Relationship between the calibrated daily ETo estimates of each method versus the 
FAO56-PM at Abha for the 1978-2000 period 
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The RMSE values were ranging from 0.1 to 0.71 mm/day with the minimum error 
shown by Albrecht model and maximum error is shown by Makkink model. The MBE 
values were ranging from -0.14 to 0.09 mm/day with the minimum error shown by 
Albreht and Trabert. The SEE values were ranging from 0.1 to 0.7 with the minimum 
error shown by Albrecht and Maximum error shown by Makkink method. The PE% 
were ranging from 3.63 to 0.01 with minimum error shown by Albrecht model. There 
was considerable a reduction in RMSE and MBE values for all the equations after 
calibration as shown in Table 5. The percentage error also reduced significantly 
whereby the maximum reduction in error percentage was found to be in Trabert Model 
in which the error reduced from 90.70 to 0.1%. However, there was no improvement in 
SEE values as the error increased slightly in Priestly Taylor method whereby the error 
reduced from 0.57 to 0.46. 
 
Table 5. Evaluation of criteria parameters for calibrated ET estimate between 1978-2000 
 R2 SEE RMSE MBE PE 
Trabert-ET0(mm) 0.96 0.16 0.16 0.00 0.10 
Mahringer-ET0(mm) 0.96 0.16 0.16 -0.01 0.47 
Penman-ET0(mm) 0.96 0.16 0.16 -0.01 0.28 
Albrecht-ET0(mm) 0.99 0.10 0.10 0.00 0.01 
Priestly Taylor-ET0(mm) 0.77 0.46 0.46 0.05 2.07 
Turc -ET0(mm) 0.66 0.60 0.61 0.00 2.44 
Makkink-Modified Hansen ET0(mm) 0.61 0.70 0.71 0.09 3.57 
Makkink 1957 ET0(mm) 0.61 0.70 0.71 0.09 3.63 
Valiantaz ET0 (mm) 0.68 0.57 0.57 -0.14 2.42 
 
 
Validation of ET Model from Calibrated Equation for Period between 2001-2017 
Nine calibrated evapotranspiration equations have been validated for the period of 
2001–2017 in order to show which calibrated equation perform well and can be further 
employed as an alternative to Standard FAO Penman Monteith model. 
From the validation procedure as shown in Fig. 6a-i, it can be observed that the 
coefficient of determination improved substantially with values of R2 ranges from 0.48 
to 0.936 with high correlation shown by Albrecht model and lower value by Makkink 
method. The slope and intercept of the Trabert model were found to be 0.111 and -
0.014, respectively and the value of the coefficient of determination was 0.919 (Fig. 
6a). Similarly, the slope and intercept of the Mahringer model (Fig. 6b) were found to 
be 0.254 and -0.07, respectively and the value of the coefficient of determination was 
0.919. In Fig. 6c the slope and intercept of the Penman model were found to be 0.401 
and -0.127, respectively and the value of the coefficient of determination was 0.916. 
The slope and intercept of the Albrecht model (Fig. 6d) were found to be 0.46 and -
0.173, respectively and the value of the coefficient of determination was 0.936. In Fig. 
6e the slope and intercept of the Priestly Taylor model were found to be 1.019 and 
1.112, respectively and the value of the coefficient of determination was 0.696. In Fig. 
6f the slope and intercept of the Turc model were found to be 0.261 and 1.007, 
respectively and the value of the coefficient of determination was 0.667. Similarly, in 
Fig. 6g the slope and intercept of the Makkink Modified Hansen model were found to 
be 0.537 and 2.86, respectively and the value of the coefficient of determination was 
0.48. The slope and intercept of the Makkink (1957) model (Fig. 6h) were found to be 
0.468 and 2.425, respectively and the value of the coefficient of determination was 0.48. 
In Fig. 6i the slope and intercept of the Valiantaz model were found to be 0.4 and 0.776, 
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respectively and the value of the coefficient of determination was 0.647. The slope that 
was closer to one was observed in the Priestly Taylor model while the intercept closer to 
zero was shown by Trabert model. 
 
  
  
  
  
 
 
Figure 6. Validating the calibrated equation for the period between 2001-2017 
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The statistical analysis as shown in Table 6 illustrates that there is a close 
relationship between the validated equation result with the Penman Monteith estimates. 
Similar to the output of the calibrated equation, the result obtained from SEE, RMSE, 
MB and PE showed a similar pattern with only slightly decrease in R2. The value of 
SEE, RMSE, MBE and PE is acceptable for ETo estimation with any of the nine ETo 
equations at Abha station. However, Validated Valiantzas equation (R2=0.65, the lowest 
RMSE 0.99 mm/day and the lowest PE of 30.32%) should be the first option to estimate 
ETo in the Abha Region followed by Turc then Albrecht. The worst performance was 
given by Makkink modified method. 
 
Table 6. Evaluation of criteria parameters for validating ET estimate between 2001-2017 
Method R2 SEE RMSE MBE PE 
Trabert-ET0(mm) 0.92 0.03 2.47 -2.35 89.43 
Mahringer-ET0(mm) 0.92 0.07 2.13 -2.03 77.27 
Penman-ET0(mm) 0.92 0.11 1.78 -1.70 64.71 
Albrecht-ET0(mm) 0.94 0.11 1.66 -1.59 60.58 
Priestly Taylor-ET0(mm) 0.70 0.59 1.30 1.16 44.25 
Turc -ET0(mm) 0.67 0.16 1.15 -0.93 35.53 
Makkink-Modified Hansen ET0(mm) 0.48 0.49 1.76 1.65 62.73 
Makkink 1957 ET0(mm) 0.48 0.43 1.21 1.03 39.21 
Valiantaz ET0 (mm) 0.65 0.26 0.99 -0.80 30.32 
 
 
Ranking of ETo Estimation 
The primary requirement of ranking is to get weightage for statistical indices which 
is computed by Entropy method (Table 7). The values depicted as shown in Table 8 
below describes the ranking of ETo Estimate of nine models for the period between 
1978-2017. It was observed that the Mahringer model ranked number 1 while Makkink 
Modified model was in the last position for the case of without calibrating the ETo 
equation. Also, the ranking of ETo Estimate of nine models after calibrating for the 
period between 1978-2000 are shown in Table 9, Albrecht model ranked number 1 and 
Valiantaz model was in the last position. Moreover, the ranking as shown in Table 10 
gives the ETo Estimate of nine models for Validating the Calibrated equation for the 
period between 2001-2017. Mahringer model ranked number 1 and Priestly Taylor was 
in the last position. Hence, it is quite clear that Mahringer method is the most promising 
model which can be used as an alternative to FAO56-PM model. The comparative study 
of Ranking is shown in Fig. 7. From the whole ranking analysis, it can be observed that 
the ranks’ results did not exactly match with each other and in some cases considerably 
differs from the other. 
 
Table 7. Weightage by Entropy Method 
Criteria R2 SEE RMSE MBE PE Sum 
Weightage Evaluation 0.05 0.67 0.08 0.11 0.10 1.00 
Weightage Calibration 0.01 0.13 0.13 0.44 0.29 1.00 
Weightage Validation 0.06 0.62 0.08 0.12 0.12 1.00 
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Table 8. Ranking of ETo estimate of nine models for period between 1978-2017 
Sn Method Si+ Si- Si++si- Ci Rank 
1 Trabert-ET0(mm) 0.048558 0.393007 0.441566 0.890032 2 
2 Mahringer-ET0(mm) 0.036844 0.373905 0.41075 0.9103 1 
3 Penman-ET0(mm) 0.060846 0.349965 0.410811 0.851888 5 
4 Albrecht-ET0(mm) 0.054297 0.355604 0.4099 0.867537 3 
5 Priestly Taylor-ET0(mm) 0.394267 0.037161 0.431427 0.086134 4 
6 Turc -ET0(mm) 0.109701 0.287544 0.397245 0.723845 6 
7 Makkink-Modified Hansen ET0(mm) 0.338601 0.0735 0.412101 0.178354 9 
8 Makkink 1957 ET0(mm) 0.292096 0.10872 0.400815 0.271246 8 
9 Valiantaz ET0 (mm) 0.176656 0.220993 0.397648 0.555749 7 
 
 
Table 9. Ranking of ETo estimate of nine models after calibrating for period between 
1978-2000 
Sn Method Si+ Si- Si++si- Ci Rank 
1 Trabert-ET0(mm) 0.008826 0.355287 0.364113 0.97576 2 
2 Mahringer-ET0(mm) 0.140201 0.300896 0.441096 0.682154 5 
3 Penman-ET0(mm) 0.024904 0.30044 0.325345 0.923453 3 
4 Albrecht-ET0(mm) 0.000438 0.321685 0.322123 0.998639 1 
5 Priestly Taylor-ET0(mm) 0.150164 0.223602 0.373766 0.598241 6 
6 Turc -ET0(mm) 0.125925 0.329778 0.455703 0.723669 4 
7 Makkink-Modified Hansen ET0(mm) 0.265806 0.192504 0.45831 0.42003 8 
8 Makkink 1957 ET0(mm) 0.267363 0.194648 0.462011 0.421306 7 
9 Valiantaz ET0 (mm) 0.334992 0.107558 0.44255 0.243042 9 
 
 
Table 10. Ranking of ETo estimate of nine models for validating the calibrated equation for 
period between 2001-2017 
Sn Method Si+ Si- Si++si- Ci Rank 
1 Trabert-ET0(mm) 0.060765 0.366145 0.42691 0.857663 2 
2 Mahringer-ET0(mm) 0.045617 0.344014 0.389631 0.882922 1 
3 Penman-ET0(mm) 0.07262 0.317463 0.390083 0.813835 4 
4 Albrecht-ET0(mm) 0.069836 0.31736 0.387196 0.819637 3 
5 Priestly Taylor-ET0(mm) 0.367337 0.046783 0.414119 0.112969 9 
6 Turc -ET0(mm) 0.088572 0.28517 0.373742 0.763012 5 
7 Makkink-Modified Hansen ET0(mm) 0.304764 0.08038 0.385144 0.208702 8 
8 Makkink 1957 ET0(mm) 0.263072 0.114761 0.377833 0.303735 7 
9 Valiantaz ET0 (mm) 0.151847 0.221546 0.373392 0.593332 6 
 
 
Figure 7. Comparison of ranking of ETo estimates based on ETo equation, Calibrated equation 
and Validating the calibrated equation 
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Discussions 
Different ETo models were used around the world to compute the reference 
evapotranspiration by using the climatic parameters such as mean temperature, relative 
humidity, solar radiation and wind speed. FAO56-PM model recommended by the Food 
and Agricultural Organization (FAO) has been recognized as the most accurate model 
for estimating the ETo over the past few decades. But due to the constraint of limited 
climatic parameters, FAO56-PM is not suitable to be implemented. Thus, to find an 
alternative technique of accurate prediction of ETo, the performance of the nine 
empirical models were evaluated against the FAO56-PM model by using the four 
common statistical approaches: root-mean-square error (RMSE), mean bias error 
(MBE), standard error of estimates (SEE) and percent error (PE). Additionally, a linear 
regression model was adopted to calibrate and validate the performance of the empirical 
models during the 1978–2000 and 2001–2017 time periods, respectively. The current 
study compared four mass transfer methods (Trabert, Mahringer, Penman and 
Albrecht), four radiation-based methods (Priestly Taylor, Turc, Makkink and Makkink 
Modified) and one combination-based method against the FAO56-PM method. 
The result evaluated from 1978-2017 showed that the mass transfer method 
performed better without calibration with the highest the coefficient of determination 
was the Albrecht (R2=0.96) followed by the combined method and lastly was the 
radiation method. The statistical output showed that the combined model (Valiantzas 
equation) performed better as compared to the other model with an RMSE value of 0.98 
mm/day, MBE=0.83, PE%=33.53 and SEE=0.268 mm/day. The higher precision of the 
combined models might be due to the combination of the most suitable and important 
meteorological parameters being incorporated. Similar results were also obtained 
previously after evaluating six ETo equations (Trabert, Mahringer, Penman (1948), 
Albrecht, Valiantzas1 and Valiantzas2) for the Senegal River Delta (Djaman et al., 
2016a). The result is in agreement with the present work with R2 > 0.60 for the daily 
ETo estimates. The Valiantzas2 equation was the best model for the Senegal River 
Delta and had the lowest root mean squared difference (RMSE) of 0.45 mm/day and the 
lowest percent error of estimate (PE) about 7.1%. The findings of the research are in 
agreement with the study conducted by other researchers (Djaman et al., 2015) after 
evaluating the sixteen reference evapotranspiration methods under sahelian conditions 
in the Senegal River Valley. However, Valiantzas equation was found to be the 
promising equations that could be used for the reference evapotranspiration estimation 
in the Senegal River Valley. After calibrating the empirical equation from (1978-2000), 
it was observed that there was a remarkable improvement in the performance of these 
nine equations. Additionally, the findings revealed that the calibration improved the 
reliability and consistency of different ETo equations. The correlation value 
significantly increased. Moreover, the statistical measures such as RMSE, SEE, MBE 
and PE significantly reduced for all the models but both the Albrect and Makkink 
models gave the least correlation. However, no improvement was seen in Turc model 
with its SEE. But, there was a remarkable improvement in the performance of 
equations. Additionally, the findings revealed that calibration improved the reliability 
and consistency of different Valiantzas equations. Valipour (2015) reported that there 
was an improvement in the calibrated Trabert and Mahringer equations in Iran with 
MBE as low as 0.02 mm/day. He indicated that the Trabert model can skip the 
calibration process to generate the best performance in Iran. Meanwhile, Valiantzas 
equations were suitable for ETo estimation as compared to PM-ETo in the Pilbara 
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region of Western Australia. But, their performance can be further improved through 
calibration (Ahooghalandari et al., 2017). 
The calibrated Valiantzas equation showed the best performance using the limited 
data in Guizhou Province, China (Gao et al., 2015). This phenomenon was similar to the 
performance's results of the calibrated Valiantzas equation at Adana Station in Turkey 
(Kisi and Zounemat-Kermani, 2014). The calibrated Trabert, Albrecht and the 
Mahringer equations showed different performance relative to the PM-ETo, depending 
on the region. But, the better performance was observed at Ndiaye 35 km inland than 
Saint-Louis at the coast. The dependency of mass transfer equation on the vapor 
pressure was too small. It was reported that better performance of the Trabert and 
Mahringer equations were in inland area than at the coastal area in the Senegal River 
Valley (Djaman et al., 2015). The climate variables in a coastal area like Saint-Louis 
located near the mouth of the Senegal river might be influenced by surrounding water 
(Hargreaves, 1994). These results were contradicted with the findings of Valipour 
(2015) who reported that the calibrated mass transfer ETo equation had better 
performance near the Caspian Sea and the Persian Gulf in Iran with RH higher than 
65% than the other area. The validation of the nine ETo equations for the 2001–2017 
shows a strong correlation between the calibrated equations to the PM estimates. 
Similar RMSE, MBE and PE were obtained from the calibration and validation with 
only slightly decrease in R2. The magnitude of RMSE, MBE and PE were acceptable 
for ETo estimation for any nine ETo equation at Abha. 
From the ranking of evaluated model and during validation of calibrating ETo model, 
it was observed that Mahringer ranked number 1 and Makkink modified gives worst 
performance during evaluation and Priestly Taylor was in the last position during the 
validation of the calibrated equation. Hence, Mahringer method is the most promising 
model which can be used as an alternative to the FAO Penman-Monteith method. 
Moreover, during calibration the Albrecht model is found to be best one and Valiantaz 
shows the worst result. The overall improvement result after calibration and during 
validation against the evaluated evapotranspiration for the first three rank model is as 
shown in Fig. 8. It clearly shows that the evaluation criteria significantly improved with 
respect to the evaluated equation after calibration and validation. However, there is no 
considerable improvement in the coefficient of determination in some cases. The 
outcomes of the study will provide meaningful guidance for agricultural production, 
hydrological planning and management in the vital region as well as other regions with 
similar climates. 
 
Figure 8. Comparative study of rank 1 to 3 evaluation criteria 
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Conclusions 
The current study was performed with an aim to evaluate the nine reference 
evapotranspiration models with respect to standard FAO56-PM model in the semi-arid 
region of Kingdom of Saudi Arabia. The nine evapotranspiration models have been 
successfully evaluated (period: 1978-2017), calibrated (period: 1978-2000) and further 
validated (period: 2001-2017). Based on the statistical indices as criteria, the ranking 
was performed using multi criteria decision making (weightage by Entropy and 
performance score by TOPSIS) in order to observe the performance against the FAO56-
PM equation under the available climatic conditions in Abha city. Based on the analysis 
result following inference can be made 
• There was a remarkable improvement in the performance of calibrated equation. 
Moreover, the calibration approach improves the reliability and consistency of 
different evapotranspiration equation. 
• The ranking of evaluated evapotranspiration models (1978-2017) and during 
validation (2001-2017) shows that the Mahringer model performed very well. 
While during calibration (1978-2000), Albrecht model shows better performance. 
Hence Mahringer model was the most promising model and can be used as an 
alternative approach to Standard FAO56-PM model. 
• In the case of data limitations, the equations calibrated in this study are 
recommended for ETo estimation in the Abha region. 
• The Use of multiple criterion decision-making methods (MCDM) allows a 
researcher to choose the best alternative out of a number of the considered 
alternatives. 
• The findings, are likely to help in diminishing the error associated with ETo 
estimation, and the recognized models in this study could be utilized as part of 
further examinations in the related field. 
• To some extent, it is expected that the conclusions of this study can be used in 
regions with similar topography and climatic conditions in the world. 
• The results of this study could be used by the water management system, crop 
cultivators, crop advisors, researchers and students from universities and research 
centres. Moreover, it is beneficial for the decision maker in the vast field of 
agriculture, hydrology and environment. 
• Further research is required in order to assess the effect of using reduced set of 
data for daily hourly ETo estmation. Moreover, the seasonal changes in ETo is 
also need to be investigated in future. 
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